Essential oil from the aerial part of Plectranthus marrubatus J. K. Morton (Lamiaceae), obtained by hydrodistillation was analyzed by gas chromatography/mass spectrometry (GC/MS) and evaluated for antimicrobial and free radical scavenging activities. Twenty-four compounds representing 99% of the total oil were identified. The major constituents were thymol, p-cymene and γ-terpinene. The oil was tested against 21 bacterial and 4 fungal strains using the disc diffusion method and found to be active against a broad spectrum of pathogens including Gram-positive and Gram-negative bacteria as well as some fungal strains. The minimum inhibitory concentrations (MICs) of the oil against the bacterial strains tested ranged from 10 to 800 μg/mL, and from 400 to 800 μg/mL against the fungal strains employed. The in vitro antioxidant activity was assessed using 2,2-diphenyl-1-picrylhydrazil (DPPH) and showed a low EC 50 value of 0.15 µl/mL. The study provides evidence for the broad-spectrum antimicrobial and antioxidant effect of Plectranthus marrubatus essential oil, and a possible explanation for its traditional use in the treatment of cold, fever, stomach disorder, diarrhea and as a skin cleaner.
Many infectious diseases are treated by herbal remedies that play a major role in primary health care in developing countries. One such plant is Plectranthus marrubatus J. K. Morton (Lamiaceae), a shrub that grows up to 2 m high along dry rocky mountain slopes and in juniper woodland at an altitude of 1800 to 2500 m [1] . P. marrubatus is endemic to Ethiopia and is locally known as "Tezeteza" around Kobbo village, in northern Ethiopia. The plant was discovered in 1998 during a study of the genus Plectranthus [2] . In Ethiopian traditional medicine, the aerial part of the plant is used for the treatment of cold, fever, stomach disorders, diarrhea, and as a skin cleaner and spice. As a continuation of our research on essential oil bearing plants of Ethiopia [3] [4] [5] [6] [7] [8] [9] [10] , this paper reports the chemical composition, antimicrobial activity and free radical scavenging properties of the essential oil of the aerial part of this plant for the first time, to the best of our knowledge.
The colorless essential oil of the fresh aerial part of P. marrubatus obtained by hydrodistllation in 0.1% yield (v/w) had a specific gravity, refractive index and optical rotation ( (Table 1 ). The major constituents were thymol (a monocyclic monoterpene phenol), ρ-cymene (a monocyclic aromatic monoterpene) and γ-terpinene (a monocyclic monoterpene hydrocarbon).
About 91% of the oil components were monoterpenes of which 70% were oxygenated. Eight compounds representing 6% of the oil were sesquiterpenes, all non-oxygenated except for caryophyllene oxide. The other constituents, 1-octen-3-ol and 3-octanol were not terpenes.
Although the most common secondary metabolites of the genus Plectranthus are diterpenoids, it is rich in essential oils containing mainly mono-and sesquiterpenes. There is great variability in essential oil composition within the genus and within different parts of the same species. For example, GC/MS analysis of P. barbatus essential oil shows -pinene to be the major constituent of the leaves while -phellandrene and (Z) -ocimene are the main compounds in the stems and roots, respectively [11] .
Antimicrobial studies were conducted on 21 bacterial and 4 fungal strains. The antibacterial susceptibility screening ( Table 2) revealed that the oil exhibits broad-spectrum activity against both Grampositive and Gram-negative bacteria with the MIC values for the former higher. All the microbial strains were susceptible to the oil to varying degrees.
The MIC of the oil ranged from 10 to 800 μg/mL against the bacterial strains, and from 400 to 800 μg/mL against the fungi tested. The oil was significantly active on all strains of Escherichia coli, Salmonella typhi, Vibrio cholera and Staphylococcus aureus with an MIC value of 50 μg/mL. The oil was highly active against Shigella spp in particular against S. flexneri Type 6 with an MIC value of 10 μg/mL. The effect of the oil against the two Bacillus species was significantly lower. As shown in Table 2 , the oil exhibited an average inhibition of 94% on the growth of E. coli strains and 89.4% on V. cholerae when compared with ciprofloxacin at a concentration of 200 μg/mL. As there was no evidence of growth after incubation of the bacteria in the presence of the oil at a concentration above the respective MIC values, the mode of action of the oil was considered to be bactericidal. The oil also demonstrated maximum fungal inhibitory potency against Aspergillus niger and Candida albicans with an MIC value of 400 μg/mL. When compared with griseofulvin the inhibitory activity of the oil against A. niger was 93.3% which is slightly higher than that demonstrated against Pencillum funiculosum, P. notatum, or C. albicans. Both Pencillum spp were inhibited at a concentration of 800 μg/mL of oil. The mode of action of the oil was considered to be fungicidal since incubation of plugs taken from the zones of inhibition after 96 h did not result in the growth of any of the fungal strains tested [12, 13] . The broad spectrum antimicrobial effect of P. marrubatus essential oil may explain the traditional use of the plant in the treatment of microbial infections and be attributed to thymol, the major constituent of the oil, which is effective against a wide range of bacteria [14] [15] [16] and fungi [17, 18] .
The free radical scavenging potential of the essential oil of P. marrubatus determined spectrophotometrically reduced DPPH in a concentration dependent manner with an EC 50 value of 0.15 μL/mL (127.5 μg/mL) (Figure 1 ), while the positive control, vitamin C, reduced DPPH with an EC 50 value of 4.42 μg/mL. The radical scavenging activity may be due to the presence of oxygenated monoterpenes such as thymol and carvacrol, and monoterpene hydrocarbons such as α-pinene and γ-terpinene, which are strong antioxidants [19, 20] .
In Ethiopia, spices are used not only to impart flavor but also to prevent oxidative and microbial deterioration. Thus, the radical scavenging property of the essential oil of P. marrubatus may further explain the use of the leaves as a spice and the essential oil as a possible anti-infective agent and preservative. 
Essential oil distillation:
The fresh aerial part of P. marrubatus (1kg) was extracted by hydrodistillation using a Clevenger-type apparatus. The oil obtained was stored in a sealed amber colored vial in a refrigerator at -10°C until used.
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Analysis of the essential oil:
Qualitative and quantitative GC/MS analysis was carried out on a Hewlett-Packard 5890 Series II Plus gas chromatograph interfaced to an HP 5989B mass spectrometer. Separation was done on a 25 m x 0.25 mm HP5-MS capillary column coated with 0.50 μm 5% phenyl 95% methylpolysiloxane. Temperature programming was set at 70-250°C, at a rate of 3°C/min. The carrier gas used was helium at a constant flow rate of 1.9 mL/min. Injector and interface temperatures were adjusted to 250°C and 280°C, respectively. EI mass spectra were recorded at 70 eV ionization voltage (source temperature 250°C). Compounds were identified by mass spectral comparison with a commercial database (Wiley8 and NISTO5 mass spectral library) and the laboratory's own database. Spectral data were compared with linear retention indices published in the literature [21] [22] [23] . All the bacterial strains were procured from the Department of Pharmaceutical Technology, Jadavpur University; Central Drug Laboratory, Kolkata and Institute of Microbial Technology, Chandigarh, India. The strains were first checked for purity based on standard microbiological, cultural and biochemical tests and then used for sensitivity testing towards the essential oil.
Fungal strains: Antifungal activity testing was carried out on the following fungal pathogens: Aspergillus niger ATCC 6275, Candida albicans ATCC 10231, Penicillium funiculosum NCTC 287 and P. notatum ATCC 11625. All the fungal strains were procured in a lyophilized state from the Institute of Microbial Technology (IMT), Chandigarh, India and preserved in the laboratory.
Antibacterial activity evaluation:
The minimum inhibitory concentration (MIC) of the oil was determined by the checkerboard technique using nutrient agar medium [24] [25] [26] . The zones of inhibition produced by the essential oil were determined and compared with that of pure ciprofloxacin by the disc diffusion technique [27, 28] . Two solutions at 100 µg/mL of the oil dissolved in dimethyl sulphoxide (DMSO) and ciprofloxacin dissolved in sterile distilled water were prepared in sterile McCartney bottles. Sterile nutrient agar plates were prepared and incubated at 37°C for 24 h to check for any possibility of contamination. Three sterile filter paper discs (Whatman no. 1) of 6 mm diameter were soaked in the same dilution of the essential oil (each 6 mm disc was shown to absorb 25 µL of oil solution or reference drug stock solution in order to be saturated) and placed in an appropriate position on the plate, marked as a quadrant at the back of the Petri dishes. The Petri dishes were incubated at 37°C for 24 h and the diameters of the zones of inhibition were measured in mm. A similar procedure was adopted for the pure ciprofloxacin and the corresponding zone diameters were compared.
Determination of mode of antibacterial action of the oil:
The bacteria were allowed to grow in nutrient broth overnight, from which 2 mL were added to 4 mL of sterile nutrient broth and incubated for further 2 h at 37°C so that the culture attained a logarithmic phase of growth. The essential oil was then added at a higher concentration than the MIC value for that particular strain. The number of colony forming units (CFU/mL) were determined by the method described by Miles and Misra [29] at an interval of 2 h up to 6 h and then after 18 h.
Antifungal activity evaluation:
The antifungal activity was first evaluated by estimation of MIC of the oil against the fungal pathogens followed by the disc diffusion study with griseofulvin as a reference standard. To determine whether the oil was fungistatic or fungicidal, plugs from the zone of inhibition were taken out and re-incubated in fresh media that were then examined for their growth after 96 h incubation at 25°C [12, 13] .
Free-radical scavenging activity: Free-radical scavenging activity of the oil was determined by the 2,2-diphenyl-1-picrylhydrazil (DPPH) assay [30] . The samples were diluted with methanol to prepare 100, 50, 25 and 12.5 μL of the essential oil/mL solutions. Five mL of 0.004% DPPH solution was pipetted into each test tube followed by the addition 50 μL of sample solutions. After the mixture was incubated at 37ºC for 30 min in the dark, the absorbance was measured against a blank at 517 nm using a Jenway 6505 UV/VIS spectrophotometer. The percent of DPPH scavenged was calculated using the following equation:
Percent of DPPH scavenged (%) = ((Ao -A)/Ao) x 100
where, Ao is absorbance of the control (containing all reagents except the test compound) and A is absorbance of the tested sample at 517 nm. Tests were carried out in triplicate and vitamin C was used as a positive control.
The EC 50 value (effective concentration to decrease the initial DPPH absorbance by 50%) of the oil was calculated from the linear regression plots of concentration vs. percent of DPPH scavenged.
